Abstract. The activated leukocyte cell adhesion molecule (ALCAM) is involved in cell migration and adhesion. Decreased levels of ALCAM expression in breast cancer tissue are known to correlate with poor prognosis. The current study specifically investigated the ALCAM expression in tumours which developed skeletal metastasis. Fresh frozen primary breast cancer tissues (n=234) and non-neoplastic mammary tissue (n=34) were used. The distribution and location of ALCAM was assessed using immunohistochemical methods and the level of ALCAM was determined using quantitative RT-PCR. The results were analysed against the clinical and pathological data. ALCAM staining was largely membranous and cytoplasmic in normal epithelial cells and is significantly stronger than in cancer cells (p=0.023) and patients who develop skeletal metastasis (p=0.048). The ALCAM transcript levels were lowest in patients with skeletal metastasis (p=0.0048) but were also significantly lower in patients who developed local recurrence (p=0.040) and in those who died from breast cancer (p=0.0075). Patients with moderate and poor prognostic indices have a lower level than those with a good index (p=0.05 and p=0.0089 respectively) and ER-positive tumours show a lower level than ERnegative (p=0.043). Ductal carcinomas, 86% of the cohort, have a similar pattern of changes with skeletal metastasis patients having significantly lower levels (p=0.015). This study has, for the first time, shown that patients who develop skeletal metastasis tend to have the lowest levels of ALCAM transcripts in their breast cancers, a finding potentially useful for clinical practice.
Introduction
The breast is the most frequent site of cancer in women and ranks second to lung cancer in the number of deaths in women (1) . It is generally accepted that there are a number of prognostic factors in breast cancer that significantly influence survival. These include the size of the primary breast tumour, the histological type, histological grade, presence or absence of regional/auxillary lymph node metastases, presence or absence of oestrogen and progesterone receptors and the presence or absence of distant metastases (2) . It has been reported that the skeleton is one of the most common sites for distant metastases in breast cancer with the cumulative incidence at any time being 8.2% at 2 years and 27.3% at 10 years (3). There are classically 5 types of primary cancer that metastasize to the skeleton of which breast cancer is responsible for the greatest number [breast 35%, prostate 30%, bronchus 10%, kidney 5%, thyroid 2% and others 18% (4) ]. There is a significantly poorer prognosis if skeletal metastasis occurs. The aim is to be able to identify which breast cancers will metastasize so treatment strategies and a more accurate prognosis can be delivered.
The activated leukocyte cell adhesion molecule (ALCAM) is a glycoprotein of the immunoglobulin superfamily. ALCAM has been identified in multiple species and has different names depending on the species and laboratory that described it: chicken neural adhesion molecule BEN/SC-1/DM-GRASP (5,6,7), rat KG-CAM (8) , fish neurolin (9) , human melanoma metastasis clone D (MEMD) (10) , mouse/human CD166 (11, 12) , and rat HB2 (13, 14) . ALCAM has 5 extracellular immunoglobulin domains (two NH 2 -terminal, membranedistal variable-[V]-type folds and three membrane-proximal constant-[C2]-type immunoglobulin folds), a transmembrane region and a short cytoplasmic tail (15) .
It was first implicated in cell migration when originally being mapped (11) and it has since been reported to be involved in homotypic/homophilic and heterotypic/ heterophilic (to CD6) adhesion (16) . It has been studied in tumours before: malignant melanoma in which approximately half were found to have ALCAM positivity and the expression is seen in the vertical growth phase of melanoma (17) and prostate cancer in which the ALCAM expression was lost in high grade tumours (18) , colorectal carcinoma (19) and oesophageal squamous cell carcinoma (20) . ALCAM has also been reported to be involved in capillary tube formation (21) and in vessel invasion in cartilage in vitro (22) .
Degen et al (10) were the first to look for the presence of ALCAM in breast carcinoma and performed Northern blot analysis of MEMD (a partner to ALCAM) mRNA and found expression in the MCF-7 mammary carcinoma cell line. Studies have more recently demonstrated ALCAM in resected breast tumours (23) and King et al reported a decreased level of the ALCAM expression correlating with nodal involvement, grade, TNM stage, poor prognostic index (NPI) and clinical outcome (local recurrence and death) (24) . These findings have recently been substantiated by Jezierska et al who similarly concluded that low ALCAM concentrations correlated with an aggressive phenotype (25) .
Although ALCAM has been identified as being associated with disease progression, there has been no investigation into whether the location of metastasis is linked to ALCAM. In the present study we evaluated the ALCAM expression in breast carcinoma using tissue from patients who have been followed for 10 years and have been studied extensively in our department (24, 26, 27, 28, 29, 30, 31) . Owing to the relatively small numbers of patients developing skeletal metastases we have increased our numbers by adding a second cohort of breast cancer patients. Our results suggest that a decreased ALCAM expression is of clinical significance in skeletal metastasis from ductal breast cancer.
Materials and methods

Materials.
The RNA extraction kit and the RT kit were obtained from AbGene Ltd. (Surrey, UK). PCR primers were designed using Beacon Designer (Palo Alto, CA, USA) and synthesized by Invitrogen Ltd. (Paisley, UK). Molecular biology-grade agarose and the DNA ladder were from Invitrogen (Carlsbad, CA, USA). The master mix for routine PCR and quantitative PCR (Qabsolute) were from AbGene Ltd. Mouse monoclonal antibody ALCAM/CD166 (for immunohistochemistry) was obtained from Novocastra Laboratories (Newcastle upon Tyne, UK). Peroxidase conjugated anti-mouse antibodies were from Sigma (Poole, Dorset, UK) and a biotin universal kit was from Dako Ltd. (Carpinteria, CA, USA).
Cells and tissues.
Primary breast cancer tissues (n=234) and non-neoplastic mammary tissue (from the same mastectomy specimens) (n=34) were collected with the approval of the local ethics committees in Cardiff and London and were stored at -70˚C. Patients were routinely followed clinically after surgery and their details stored in a database. The median follow-up period was 120 months. Details of histology were obtained from pathology reports provided by an independent specialist pathologist using hematoxylin and eosin (H&E)-stained frozen sections. The results are shown in Table I . Where normal non-neoplastic mammary tissues were used, no tumour cells were found in the sections. The results of the primary ductal breast cancer tissues (n=190) are shown in Table I .
Tissue processing, RNA extraction and cDNA synthesis. Frozen sections of tissue were cut at a thickness of 5-10 μm and were kept for immunohistochemistry and routine histology. Other 15-20 μm sections were mixed and homogenized using a hand-held homogenizer, in ice-cold RNA extraction solution. The concentration of RNA was determined using a UV spectrophotometer. Reverse transcription was carried out using an RT kit with an anchored oligo dT primer supplied by AbGene and 1 μg total RNA in a 96-well plate. The quality of cDNA was verified using ß-actin primers (5'-caggaggttgaa ggactaaa-3' and 5'-gggatcagttttctttgtca-3'). Table I . Clinical and pathological information of the study cohort. 
Quantitative analysis of ALCAM transcript and protein.
The level of ALCAM transcripts from the earlier prepared cDNA was determined using a real-time quantitative PCR, based on the Amplifluor™ technology (32), modified from a previously reported method (33) . Briefly, pairs of PCR primers were similarly designed using the Beacon Designer software (version 2) (5'-caggaggttgaaggactaaa-3' and 5'-gggatcag ttttctttgtca-3'), but an additional sequence, known as the Z sequence (5'-actgaacctgaccgtaca-3'), which is complementary to the universal Z probe (30) (Intergen Inc., Livingston, UK), was added to one of the primers (ALCAMZr). A Taqman detection kit for ß-actin was purchased from Perkin-Elmer (Surrey, UK). The reaction was carried out using the following: Hot-start Q-master mix (Abgene), 10 pmol specific forward primer, 1 pmol reverse primer that had the Z sequence, 10 pmol FAM-tagged probe (Intergen Inc.) and cDNA from ~50 ng RNA. The reaction was carried out using IcyclerIQ™ (BioRad, Hemel Hempstead, UK), which is equipped with an optic unit that allows real-time detection of 96 reactions, using the following conditions: 94˚C for 8 min, then 38 cycles of 94˚C for 15 sec, 55˚C for 20 sec, 72˚C for 40 sec and finally 72˚C for 10 min. The levels of the transcripts were generated from a standard [purified plasmid with known quantity (34) ] that was simultaneously amplified with the samples and which are presented as relative levels calculated from the internal standard. The epithelial content within the tumours was taken into account by normalizing ALCAM against cytokeratin 19. The cytokeratin 19 forward and reverse primers were 5'-caggtccgaggttactgac-3' and 5'-actgaacctgaccgtacacac tttctgccagtgtgtcttc-3', respectively.
Immunohistochemical staining. The procedure was similar to that previously reported, with minor modifications (26, 28) . Briefly, the frozen sections of breast tumour and nonneoplastic breast tissue were cut at a thickness of 5 μm using a cryostat. The sections were mounted on microscope slides, air-dried and then fixed in a mixture of 50% acetone and 50% methanol for 20 min. The sections were then placed in a 'Menapath' autowash buffer for 5-10 min to rehydrate. Sections were incubated for 20 min in a horse serum blocking solution and probed with the primary antibody (1:50 dilution ALCAM) at room temperature for 1 h. Following extensive washings, sections were incubated for 30 min in the secondary horse serum. Following washings, Avidin biotin complex (Vector Laboratories Ltd.) was then applied to the sections, followed by extensive washings. Diaminobenzidine chromogen (Vector Laboratories Ltd.) was then added to the sections, which were incubated in the dark for 5 min. The sections were then dehydrated in ascending grades of methanol before clearing in xylene and mounting under a coverslip before initial photographs were taken. A rehydration process was then performed with descending grades of methanol before removing the coverslip and counterstaining in Mayer's hematoxylin for 1 min. The process of dehydration and mounting was then repeated.
Staining intensity was semiquantified using a method established in our laboratory (35) , which was modified and based on that reported by Fidler and colleagues (36) . Briefly, gray-scale digitized images were imported into the Optimas software (Optimas 6.0, Optimus Corp., Bothell, WA, USA).
The intensity of the cell adhesion molecules was measured in two locations from randomly chosen cells: the cytoplasmic and the intercellular adhesion regions, where appropriate. Control staining (without primary antibody) was used for the extraction of the background staining. Intensity data were exported to Excel for statistical analysis and are presented here as the mean intensity of either the cytoplasmic region or membranous staining.
Statistical analysis.
A statistical analysis of RNA transcript data was carried out using the Mann-Whitney U test. Furthermore, a statistical analysis of the immunohistochemical staining was carried out using the two-sided two-tailed t-test.
Results
Immunohistochemical staining. ALCAM staining was seen in normal epithelial cells of normal breast tissue and cancer cells in tissue in patients who went onto develop skeletal metastasis (Fig. 1A, B and C) . Analysis of the staining intensity (Fig. 1D) shows that the cytoplasmic staining in normal breast tissue is significantly stronger than that in either the standard breast cancer tissue (p=0.023) or the breast cancer tissue from patients who went onto develop skeletal metastasis (p=0.048). Fig. 2A shows that the number of ALCAM transcripts in breast cancer is lower than in the normal breast tissue. The results are not, however, statistically significant (p=0.78). It would be expected that the levels would have been significantly lower and a possible reason for the disparity may be that there is a difference in cellularity between breast tumour tissues and the normal breast tissues. (24) on a smaller cohort, that there were significantly lower levels of ALCAM transcripts in more aggressive tumours. In the larger cohort we found a similar pattern with significantly lower levels of ALCAM found in patients with a widely recognized indicator of poor prognosis: with metastasis, with recurrence and bone metastasis, poor prognostic index (NPI) and positive ER status. These results are shown in Figs. 2B, 3A and 4A.
ALCAM expression in breast cancer and normal tissue.
ALCAM expression in the cohort of breast cancer patients. It was previously reported by King et al
The most noteworthy of the results above is the difference in the ALCAM transcript level for the different patient clinical outcomes which were identified during their follow-up. Fig. 2B shows lower transcript levels in the patients with complications of metastasis, local recurrence (p=0.040), skeletal metastasis (p=0.0048) and death (p=0.0075). Looking specifically at the patients who went on to develop skeletal metastasis, we can see that these patients have the lowest levels of ALCAM of any of the patient groups. Although not statistically lower than the other complications of breast cancer (other metastases, local recurrence and death) it is the most statistically different from the patients who were disease-free (p=0.0048).
Figs. 3A and 4A show the differences in transcript levels when comparing patients with moderate and poor NPI prognosis to those with a good prognosis (p=0.05 and p=0.0089 respectively) and those with a positive ER status (p=0.043). Fig. 5A shows the difference in ALCAM transcript levels in patients with and without nodal involvement and although not significant, it does suggest a lower level in the node-positive patients (p=0.16).
ALCAM expression in ductal carcinoma. When subdividing the cancer groups the ductal carcinomas were the overwhelming subgroup (86%). We have therefore re-analyzed the data and found the same pattern of differences. Again there is a significant difference in the ALCAM transcript level in each of the different clinical outcome settings (Fig. 2C) . For local recurrence (p=0.0035), skeletal metastasis (p=0.015) and death (p=0.024) the transcript levels are less than the levels found in patients with no recurrence.
Figs. 3B, 4B and 5B show the results of patients with: a poor NPI prognosis to those with a good prognosis (p=0.021), patients with a positive ER status to a negative status (p=0.05) and, although not significant, the trend that patients with a positive nodal status tend to have lower ALCAM transcript levels than patients with no positive nodes.
Although not looked at directly in this study it was notable that patients with an ER negative status who went on to develop skeletal metastasis had a significantly lower level (p=0.0061) of ALCAM transcript than those who did not develop skeletal metastasis.
Discussion
It has previously been demonstrated that decreased ALCAM transcripts in the primary tumours correlated with nodal involvement, higher grade tumours, higher TNM stage, worse NPI index, presence of local recurrence and death due to breast cancer (24) . These data suggested that a decreased ALCAM expression in the primary tumour was of clinical significance and that a reduced expression indicates a more aggressive phenotype and poor prognosis. In this analysis we used an expanded tumour cohort of 234 breast cancer patients to re-evaluate the previous findings and for the first time, specifically identified patients who went on to develop skeletal metastasis.
Normal ductal epithelial cells in breast tissue showed positivity to ALCAM in immunohistochemical stains (Fig. 1A , B and C). This positivity was also seen in breast cancer tissue and in breast cancer tissue from patients who went on to develop skeletal metastasis. The level of staining was, however, significantly lower in the breast cancer tissues than that of normal ductal epithelial cells (Fig. 1D) . Immunohistochemical staining of breast tissues alone with the antibody used would therefore not distinguish between benign and malignant cells using the method described in this study. Burkhardt and colleagues, however, found that there was a higher ALCAM expression in intraductal and invasive breast carcinomas than in normal breast tissue. They used the same antibody as used in this study, but at a different concentration and with a slightly different method (37) . The established pathologic criteria for carcinoma, including the architecture, nuclear pleomorphism and mitotic counts, therefore have to be evaluated.
The level of ALCAM transcripts is lower in primary tumours compared to normal breast tissue from the same mastectomy specimens, although it was not statistically significant ( Fig. 2A) . This correlates well with the immuno- histochemical staining results, in that individual tumour cells stained more weakly than individual normal mammary epithelial cells (Fig. 1A, B and C) . However, we would have expected a much lower result. There are a number of possible reasons for this discrepancy. There may be a difference in cellularity between breast tumour tissues and the normal breast tissues thereby giving an inappropriately raised transcript level in the breast tumours. The error may rest with a different epithelial/tumour cell content in different tumours and the possible contribution from infiltrating immune cells since haemopoietic stem cells and activated T lymphocytes express ALCAM (38) (39) (40) (41) . The cohort of normal breast tissue is also relatively small (n=34) compared to the number in the breast cancer cohort (n=234) thereby increasing the risk of statistical error.
The patients who went on to develop skeletal metastasis tended to have the lowest levels of ALCAM transcript out of all the different patient groups, lower even than those that died from the original breast cancer (Fig. 2B) . When compared to the patients who were disease-free at follow-up, the ALCAM transcript levels were significantly lower (p=0.0048). The results were reproduced when looking at the sub-group of ductal carcinomas ( Fig. 2C) with the ALCAM transcript level again being significantly lower (p=0.015).
The results gathered from this enlarged cohort confirmed the previous finding by King et al (25) . It can be seen that there are lower levels of ALCAM transcripts in the patients who went on to develop metastasis and the level was statistically lower in patients with local recurrence (p=0.0040) or who died from the disease (p=0.0075) (Fig. 2B) .
The NPI (42) is a clinical parameter of prognosis which combines tumour size, lymph node stage and histological grade into a formula to determine prognostic groups. The group with NPI<3.4 has the best prognosis, NPI>5.4 is associated with poor prognosis and NPI=3.4-5.4 has an intermediate prognosis. The scoring system has been validated in prospective studies (43) and is used in countries such as the UK (44) . We demonstrated that patients with a moderate and poor prognosis have a significantly lower ALCAM transcript level than those patients with a good prognosis (moderate p=0.05 and poor p=0.0089).
A positive ER status for a patient is another widely recognized indicator of a poor prognosis and the ALCAM transcript levels were lower (p=0.043) in the positive group compared to the ER negative group. Although not statistically significant, the ALCAM level was lower in patients who were found to have a positive lymph node status (p=0.16).
This study also looked at the dominant cancer type subgroup of ductal carcinomas. Ductal cancers make up 86% of the entire cohort and the same pattern of lower ALCAM transcript levels in the patients with poor prognostic indicators was seen as it was in the cohort as a whole. There was a significantly lower level of ALCAM transcripts in the patients with a poor NPI prognosis compared to those with a good prognosis (p=0.021), lower levels in ER-positive patients (p=0.05) and lower levels in node-positive patients (p=0.33).
We hypothesize that the reduced expression of ALCAM, a molecule involved in cell adhesion, may allow the tumour cells to disaggregate and so enter the circulation and metastasize. This property was seen in other cell adhesion molecules such as E-cadherin (45) (46) (47) . E-cadherin was demonstrated as having the ability to shed its cadherin extracellular domain, to move from the cell surface to the cytoplasm or from the cell-cell adhesion areas to other areas of the membrane and transcriptional abnormalities as a result of gene promoter hypermethylation (48) . ALCAM was reported to co-localize with E-cadherin in epithelial cells (49) and it may have similar abilities.
In conclusion, ALCAM is a glycoprotein that is involved with cellular adhesion, proliferation and tumour progression. In breast carcinoma, decreased ALCAM transcripts in the primary tumours are synonymous with predictors of poor prognosis: higher TNM stage, worse NPI index, nodal involvement, the presence of local recurrence and death due to breast cancer. This study has for the first time demonstrated that the patients with the lowest levels of ALCAM transcripts have a possibility of developing skeletal metastasis. This study suggested that the level of the ALCAM expression in primary breast carcinoma has clinical significance and that a reduced expression indicates a more aggressive phenotype and poor prognosis. This fact could be used to provide patients with a more accurate prognosis and identify those who may benefit from enhanced monitoring and early medical and orthopaedic treatment.
